Summary. In two experiments carried out during seasonal anoestrus, Romney Marsh ewes were treated with small-dose (250 ng) multiple injections of GnRH at 2-h intervals with and without progesterone pretreatment. In Exp. 1, 8/8 progesterone-primed ewes ovulated and produced functionally normal corpora lutea compared with 2/9 non-primed ewes.
Introduction
Treatment of seasonally anoestrous ewes with a single injection of a large dose of GnRH results in an immediate preovulatory-type LH surge followed by ovulation, but this is not followed by normal luteal function, as assessed by peripheral plasma progesterone concentrations (Haresign, Foster, Haynes, Crighton & Lamming, 1975) . In addition, the induced corpora lutea are of lower weight, have a lower progesterone content and a much reduced ability to secrete progesterone in vitro than normal corpora lutea (McNeilly, Hunter, Land & Fraser, 1981; J. A. Southee & M. G. Hunter, unpublished observations). Haresign & Lamming (1978) produced evidence which suggested that this functional incompetence was due to inadequate follicle development before the LH surge.
It has been suggested that it is the increasing frequency of LH episodes that occurs after luteal regression that controls the final stages of follicle development in the cyclic ewe (Baird, 1978; Baird, Swanston & McNeilly, 1981; McNatty, Gibb, Dobson & Thurley, 1981) . Indeed, repeated injec¬ tions of LH (McNeilly, O'Connell & Baird, 1982) or GnRH (McLeod, Haresign & Lamming, 1982a; McNatty, Ball, Gibb, Hudson & Thurley, 1982a) , administered to seasonally anoestrous ewes to mimic the pattern ofLH secretion which occurs during the follicular phase of the cycle, will induce ovulation. Nevertheless, this too is often followed by abnormal luteal function in the majority of animals (McLeod et al., 1982a) . However, a period of progesterone priming before the start of GnRH treatment does lead to normal luteal function (McLeod et ai, 1982a; McLeod & Haresign, 1984) . The interval from the start of GnRH treatment to the onset of the LH surge has been reported to be significantly longer in the progesterone-pretreated (~34h) compared to nonpretreated (~22 h) animals (McLeod et ai, 1982a) and indicates that inadequate luteal function in the non-pretreated animals may be due to too short a period of exposure of developing follicles to episodic LH secretion before the LH surge.
The present studies were designed to test this hypothesis by comparing biochemical aspects of follicle development before ovulation in animals in which normal and abnormal luteal function would be expected.
Materials and Methods

Animals and management
Romney Marsh ewes (mean + s.e.m. bodyweight 60-2 ± 5-8 kg) were used during seasonal anoestrus in August and early September, 1982 (Exp. 1) and during July and August 1983 (Exp. 2). The 108 ewes were housed under conditions of natural daylength and temperature, and fed con¬ centrates and hay, with water always available. Multiple injections of 250 ng synthetic GnRH (Lutai: Fabwerke Hoechst AG, Frankfurt, West Germany) in 2 mi sterile saline (9 g NaCl/1) were administered via an indwelling jugular vein catheter. Ewes pretreated with progesterone received 3 progesterone implants (Sil-Estrus: Ceva, Paris, France), containing 385 mg progesterone in a silicone-elastomer matrix, inserted subcutaneously in the axilla region 12 days before GnRH treatment and these were removed immediately after the second GnRH injection.
Treatments and sampling procedures
The treatment regimens for individual groups of ewes for both experiments are presented in Table 1 , together with information on the purpose for which the ewes were used. In both experi¬ ments progesterone-primed and non-primed ewes were induced to ovulate with GnRH treatment (Exp. 1, Groups 1 & 2; Exp. 2, Groups 6 & 7) for studies of the incidence of normal luteal function. Similarly treated groups of ewes were slaughtered at various times before or just after the start of the preovulatory LH surge for the collection of ovarian follicles.
In-vivo estimates of the incidence of normal luteal function. Two groups of 10 seasonally anoestrous ewes received 250 ng GnRH every 2 h for 48 h, with (Group 2) or without (Group 1) a 12-day period of progesterone pretreatment in Exp. 1. For Exp. 2, progesterone-pretreated ewes (Group 7; = 5) received 2-h injections of 250 ng GnRH for 36 h, immediately followed by a single large bolus injection of 125 µg GnRH. In the non-pretreated animals (Group 6, = 5) the large bolus injection of 125 µg GnRH was given after only 24 h of low-dose injections of GnRH (see Table 1 ). The bolus injection was designed to synchronize the time of the preovulatory LH surge and its time of administration was determined from the actual times of the natural LH surge recorded in Exp. 1 for progesterone-primed and non-primed ewes. In both experiments, blood samples (2 ml) for LH determination were collected via the catheter at 2-h intervals for 48 h. Daily blood samples (10 ml) for progesterone determination were collected by jugular venepuncture for 17 days from the time of the start of GnRH treatment. Laparoscopy was performed under Based on previous studies by others (Moor, Hay, Dott & Cran, 1978; Carson, Findlay, Clarke & Burger, 1981; McNatty et ai, 1982b) , a follicle was classified as 'ovulatory' if the oestradiol in the follicular fluid was > 100 ng/ml and also if the oestradiol:testosterone ratio was >1 or >2 IO6 granulosa cells were recovered from that follicle. All other follicles were classified as 'non-ovulatory'.
Follicle dissection and classification (Exp. 2) All follicles^2 mm in diameter were isolated and diameters measured on a millimeter grid scale. They were then incubated for 2 h in 1 ml BME according to the method of Webb & England (1982b) . At the end of the incubation period the medium was stored at -20°C until assayed for oestradiol and the intact follicles stored in liquid N2. After removal from liquid N2, follicles were thawed and follicular fluid aspirated and granulosa cells scraped and counted as described for Exp. 
Hormone radioimmunoassays
Concentrations of LH in peripheral plasma were determined by the specific double-antibody radioimmunoassay of Foster & Crighton (1974) as modified by McLeod et al. (1982b) . Within this study the limit of sensitivity of the assay was 0-3 ng NIH-LH-S18 equiv./ml plasma and the interand intra-assay coefficients of variation were 11-2 and 7-3% respectively.
Measurement of progesterone in peripheral plasma was based on the radioimmunoassay method of Haresign et al. (1975) with the following modifications. Progesterone antiserum, obtained from Specific Antisera Ltd, Cheshire, U.K., was used at a dilution of 1:4000. Duplicate volumes of plasma (0-25 ml) were extracted with 4 volumes of light petroleum ether by mixing of the two phases for 20 min on a mechanical shaker (Baird & Tatlock Ltd, London, U.K.) before freezing. Dextran-charcoal solution was made up with 01 g dextran and 0-2 g charcoal in 100 ml buffer and stirred for at least 4 h at 4°C before 0-5 ml was added to each assay tube. Scintillation fluid (2 ml; Fisofluor 3, Fisons pic, Loughborough, U.K.) was added to the supernatant in the scintillation vials and incubated for 30 min at 75°C before shaking and counting. The assay showed negligible cross reaction with other major steroids and within this study the limit of sensitivity was 01 ng/ml plasma, the mean extraction efficiency was 820 ± 208% and both the inter-and intra-assay coefficients of variation were < 12%.
Steroid concentrations in follicular fluid diluted in 1 ml HBSS were measured after extraction, and corrected for recovery losses. All three steroids showed parallelism to the standard curve after extraction. Progesterone was measured as described above and the intra-assay coefficient of variation was <11%. Oestradiol was measured by the method of Foxcroft, Elsaesser, Stickney, Haynes & Back (1984) , with a limit of sensitivity of 0-05 ng/ml and a mean recovery of 98-3 ± 0-66%. Inter-and intra-assay coefficients of variation were <6%. Testosterone was measured by the method of Purvis, Illius & Haynes (1974) with similar modifications to the extrac¬ tion procedure and dextran-charcoal solution as described above for the progesterone assay. The mean extraction efficiency was 85-0 + 1-13%, the limit of sensitivity was 0-2 ng/ml and inter-and intra-assay coefficients of variation were < 10%. The concentrations of oestradiol in the incubation media were measured using the method described for follicular fluid, except that samples were assayed directly without prior extraction. Specificity of binding was determined by carrying out the incubation in the presence of high levels of the unlabelled hormones hCG (CR121, 0-05-1000 ng/ml), ovine LH (NIH-LH-S24, 10-10 000 ng/ml), ovine FSH (NIH-FSH-S14, 10-10 000 ng/ml) and prolactin (NIH-P-S10, 10-10 000 ng/ml). The results obtained indicated that binding could be completely inhibited in the granulosa and theca cells by hCG and ovine LH, but FSH and prolactin showed very low cross-reactivity (Fig. 1 Table 2 ), or in relation to the induced LH peak in Exp. 2. The numbers of follicles^4 mm in diameter classified as 'ovulatory' or 'non-ovulatory' for the three treatment groups are summarized in Table 3 . Potential ovulation rates, based on the number of 'ovulatory' follicles recovered, were not significantly different from the ovulation rates observed at laparoscopy for in-vivo control ewes in Groups 1 and 2 (see Table 2 ). Similar proportions of potential 'ovulatory' and 'non-ovulatory' follicles were recovered from each group.
The results of follicle measurements and in-vitro incubations for 'ovulatory' and 'nonovulatory' follicles are summarized in Table 4 . All of the 'non-ovulatory' follicles from the three treatment groups were analysed together. Follicle diameter was significantly (P < 001) smaller and the number of granulosa cells recovered was significantly (P < 0-01) less for 'non-ovulatory' follicles than for 'ovulatory' follicles. When considered across treatment groups follicle diameter and number of granulosa cells recovered, were significantly and positively correlated (r = 0-515, < 0001). There were no significant differences between any treatment groups in follicular fluid steroid concentrations (oestradiol, testosterone and progesterone) of ovulatory follicles, even though their estimated time of collection relative to the LH surge was different, although there was a tendency for follicular fluid testosterone concentrations in Group 5 to be lower than that for Groups 3 and .4. However, the follicular fluid from 'non-ovulatory' follicles contained significantly (P < 001) less oestradiol than that from 'ovulatory' follicles. 'Non-ovulatory' follicles contained more progesterone in their follicular fluid than 'ovulatory' follicles, but this difference did not quite reach significance. In spite of the wide variation in follicular fluid testosterone concentrations, the oestradioktestosterone ratio was significantly (P < 001) higher in the 'ovulatory' follicles of all treatment groups compared to 'non-ovulatory' follicles.
Significant Oestradiol production by the granulosa cells during the short-term incubations increased significantly in all groups (P < 005) when exogenous testosterone (100 ng/ml) was added as substrate. There were no significant differences between treatment groups in oestradiol secretion rates for 'ovulatory' follicles, but that from 'non-ovulatory' follicles was significantly ( < 001) less, a situation similar to oestradiol concentrations in follicular fluid.
Numbers, classification and activity of ovarian follicles (Exp. 2) Analysis of LH profiles of animals in Exp. 2 indicated that ewes in Groups 8 and 10 were slaughtered before the onset of the preovulatory LH peak. However, mean LH concentrations at the time of slaughter for Groups 9 (198 + 31-9 ng NIH-LH-S18 equiv./ml) and 11 (155 ± 41-9 ng NIH-LH-S18 equiv./ml) indicated that the follicles from these ewes were collected after the onset of the preovulatory LH surge. Mean LH values immediately before slaughter for Groups 9 and 11 were 213 + 0-36 and 2-32 + 0-35 ng NIH-LH-S18 equiv./ml respectively.
The numbers of follicles classified as 'ovulatory' or 'non-ovulatory' for the different treatment groups are shown in Table 3 . No 'ovulatory' follicles were recovered from the saline-treated animals (Group 12). The potential mean ovulation rates in the four GnRH-treated groups ranged from 1-3 to 1-6, and were not significantly different from the actual ovulation rates observed at laparoscopy in similarly treated ewes ( Table 2) .
The follicle parameters measured in 'non-ovulatory' and 'ovulatory' follicles are summarized in Tables 5 and 6 respectively. There were no significant differences between any of the individual treatment groups in terms of follicle diameter, granulosa cell content, steroid concentrations in 3-3 ± 0-2 3-7 ± 0-2 3-8 ± 0-2 3-4 ± 0-2 3-6 + 0-2
No. of granulosa cells recovered 10'6 0-8 ± 01 0-9 ± 01 11 ± 0-2 1-2 ± 0-2 10 ± 0-2 Oestradiol cone, in follicular fluid (ng/ml) 31-9 ± 7-8 56-5 ±14-2t 33-2 ± 8-3 591 ±12-3t
43-9 ± 8-4
Testosterone cone, in follicular fluid (ng/ml)
119-1 ±12-7 304-2 ±42-8t 1510 ±18-6* 428-7 ±46-4f* 107-1 ±19-3
Oestradiol: testosterone ratio 0-4 ± 01 0-3 ± 0-1 0-3 ± 01 0-3 ± 01 0-9 ± 0-2 Progesterone cone, in follicular fluid (ng/ml)
20-2 ± 3-3
35-3 ± 7-3 26-3 ± 2-9 301 ± 5-5
Oestradiol secretion by follicles (ng/ml/2 h) 0-47 ± 014 0-6 ± 0-16 0-52 ± 018 0-73± 0-21 0-26± 0-08 c.p.m. ,25I-labelledhCG bound/total granulosa in follicle 10~3
3-9 ± 0-5 3-8 ± 0-5 4-7 ± 0-9 3-9 ± 0-7 2-9 ± 0-4 c.p.m. 125I-labelledhCG bound/total theca in follicle 10"3 40 ± 0-4 4-2 ± 0-7 6-8 ± 1-It 6-5 ± 0-6t 4-9 ± 0-5
Values followed by superscript t or * indicate that when those groups are combined and compared with the rest of the groups combined they are significantly different (P < 0-05). follicular fluid, oestradioktestosterone ratio, oestradiol secreted into the medium during incu¬ bation, or binding of 125I-labelled hCG to thecal and granulosa cells in 'nonovulatory' follicles (Table 5) . However, when the mean value for Groups 9 and 11 combined (59 ng/ml) was compared with that from Groups 8 and 10 combined (33 ng/ml), the results indicated that the oestradiol con¬ centration in follicular fluid was significantly (P < 005) higher in those follicles recovered 2 h after the start of the LH surge. Similarly, the overall mean testosterone concentration in follicular fluid was significantly (P < 0-01) higher in follicles collected 2 h after the start of the LH surge (371 vs 136 ng/ml). In addition, follicles from animals that had been pretreated with progesterone (Groups 10 & 11: 248 ng/ml) had significantly (P < 005) higher testosterone concentrations in follicular fluid than those not pretreated (Groups 8 & 9: 182 ng/ml). 'Non-ovulatory' follicles recovered from saline-treated ewes (Group 12) had a significantly higher oestradioktestosterone ratio in follicular fluid than did follicles from any of the other groups. The binding of 125I-labelled hCG to thecal tissue was also significantly (P < 005) higher in those follicles from ewes that had been pretreated 35-3 ± 8-3tb
1IV ± 2-8) There were no significant differences between treatment groups in terms of follicle diameter, granulosa cell content or oestradiol and progesterone concentrations in follicular fluid of 'ovulatory' follicles (Table 6 ). However, testosterone concentration in follicular fluid was signifi¬ cantly (P < 005) increased by the LH surge in the progesterone-pretreated animals but not in the non-primed animals. The oestradioktestosterone ratio was significantly (P < 005) lower in follicles recovered during the surge (Groups 9 & 11: 2-1), than in those recovered before the surge , although the reduction in oestradioktestosterone ratio attributable to the LH surge was greater in the progesterone-primed ewes.
Oestradiol secretion was not significantly changed in response to the LH surge in follicles collected from non-progesterone primed ewes, but was significantly (P < 001) increased in progesterone-primed ewes (Table 6) .
Binding of 125I-labelled hCG to granulosa cells showed a significant (P < 0-05) increase in response to the LH surge in follicles recovered from progesterone pretreated animals, whereas no such increase was found in follicles from non-pretreated ewes. In addition, follicles from pro¬ gesterone-pretreated ewes bound significantly (P <001) more 125I-labelled hCG overall IO3 c.p.m. bound) than did follicles from non-pretreated ewes 103c.p.m. bound). A similar significant (P < 005) difference in the overall binding of 125I-labelled hCG by thecal tissue was apparent when comparing progesterone-primed and non-primed ewes (11 1 vs 5-9 c.p.m. IO3 bound).
Discussion
Although small-dose multiple injections of GnRH alone induced ovulation in seasonally anoestrous ewes, only 22% of the animals showed normal luteal function unless they were primed with progesterone. However, the mean timings of these preovulatory LH peaks were around 14 h later than those previously reported (McLeod et al., 1982a) , and this may be due to a difference in breed (Romney Marsh compared to Clun Forest ewes). This between-breed difference in the timing of the preovulatory LH peak meant that follicles were recovered earlier than anticipated in Exp. 1 at about 14 and 26 h before the LH surge. Nevertheless, it was still possible to identify 'ovulatory' and 'non-ovulatory' follicles.
The classifications used in the present study to distinguish between 'ovulatory' and 'nonovulatory' follicles resulted in predicted ovulation rates in both experiments which were very similar to the mean ovulation rates found in vivo, suggesting that the method used to categorize follicles in this study did give reliable results.
The results summarized in Table 4 show that, at least within the parameters measured, there were no significant differences in the maturational characteristics between 'ovulatory' follicles recovered from progesterone-pretreated and non-pretreated ewes in Exp. 1. It is likely that matu¬ rational changes did occur between 18 h and 28 h after the start of GnRH treatment in the follicles of the progesterone-pretreated groups, but that these were too small to be detected. Alternatively, they may have involved parameters not measured in this study.
Significant maturational changes within the sheep follicle have been shown to occur during the ascending limb of the LH peak (Webb & England, 1982a) , with oestradiol secretion into culture medium and number of LH receptors in granulosa cells both increasing. However, in the study by Webb & England (1982a) In the follicles classified as 'non-ovulatory' in Exp. 2, the major significant differences recorded between groups were in the oestradiol and testosterone concentrations in the follicular fluid. The increases in both parameters within 2 h of the onset of the LH surge suggest that, although the follicles were 'non-ovulatory', they still responded to the increase of LH by secreting more testosterone, which in turn resulted in an increase in oestradiol production. In all groups, however, oestradiol concentrations in follicular fluid were still considerably lower than those of testosterone, as would be expected in 'non-ovulatory' follicles (Carson et al., 1981; Webb & England, 1982b) .
When follicles recovered from progesterone-pretreated ewes were compared with those from non-pretreated groups, it was found that progesterone pretreatment significantly increased 125I-labelled hCG binding to thecal tissue and testosterone concentrations in follicular fluid. Whether these differences are due directly to progesterone pretreatment or simply to a longer period of exposure to GnRH remain unclear. Furthermore, no attempt was made in this study to classify 'non-ovulatory' follicles as healthy or atretic, and so it is possible that the differences between treatment groups are confounded by different proportions of each category of follicles (McNatty et al., 1984) .
When 'ovulatory' follicles are considered, only those from the progesterone-pretreated sheep responded to the LH surge with an increase in testosterone levels. However, this did not result in increased oestradiol concentrations in follicular fluid as it did in 'non-ovulatory' follicles. In the present study oestradiol secretion rates by follicles from progesterone-pretreated animals were significantly enhanced by the onset of the LH surge, although no such increase was noted in follicles from the non-pretreated group. This suggests that the progesterone-primed follicles, but not the non-primed follicles, were going through the final maturational steps before ovulation. The mechanism for this increased secretion may be the significant increase in LH receptors on the granulosa cells in response to the LH surge which was observed only in ovulatory follicles from progesterone-primed ewes. Also, since there were more LH receptors in the theca from follicles of progesterone-primed ewes this may have resulted in more androgen being available as substrate for aromatization and this is confirmed by the significant increase in testosterone concentration in the follicular fluid from progesterone-primed animals. However, in both experiments there were no significant differences between progesterone-primed and non-primed groups in any of the follicle parameters measured before the onset of the LH surge.
Recent evidence suggests that normal luteal function in anoestrous ewes after progesterone priming followed by multiple injections of GnRH is not due solely to the longer time of exposure of developing follicles to episodic LH before the LH surge, since normal luteal function occurs in pro¬ gesterone-primed ewes even when the LH surge is induced around the time it occurs naturally in non-pretreated animals (McLeod & Haresign, 1984) . Moreover, about 20-30% of ovulations in GnRH-treated anoestrous ewes not primed with progesterone do still develop into functionally normal corpora lutea, and therefore a proportion of the follicles studied from the non-primed group will have been normal. In fact two follicles recovered during the LH surge in Exp. 2 had oestradiol secretion rates and 125I-labelled hCG binding to the granulosa cells of an order of magnitude similar to that recorded for follicles from progesterone-pretreated ewes; it is likely that these follicles would have gone on to form normal corpora lutea. As a consequence, any comparison between potentially 'normal' and 'abnormal' follicles, including those made in this study, will be confounded by the presence of a proportion of 'normal' follicles from the non-progesterone primed animals. O'Shea, Rodgers & Wright (1984) reported that corpora lutea induced by GnRH injections in anoestrous ewes contained significantly lower numbers of both large and small luteal cells than did those from normal cyclic animals. In the present study there were no differences in numbers of granulosa cells between progesterone-primed and non-primed ewes, but rather in their steroid¬ ogenic capacity and receptor content. Indeed, studies of the normal and inadequate corpora lutea induced by the same treatments used in the present experiments have demonstrated that on Day 4 all corpora lutea were of similar weight, suggesting no difference in luteal cell number at the beginning of the luteal phase, but by Day 5 the abnormal corpora lutea began to decline in weight and had almost completely regressed by Day 6 (J. A. Southee & M. G Hunter, unpublished observations).
It can therefore be concluded from the present study that, in order to form normal corpora lutea, follicles must go through stages in maturation in response to the LH surge by increasing LH receptor numbers and oestradiol secretion and this occurs in all progesterone-pretreated animals. Follicles that do not respond to the LH surge in this manner (the majority of those from nonprogesterone primed ewes) will result in inadequate corpora lutea. Further study is required to determine the mechanism by which progesterone pretreatment ensures that follicles do go through the final maturational stages before ovulation.
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